Abstract: Vitamin D levels are often lower than recommended among certain groups, and these so-called at risk populations include institutionalised people with intellectual disabilities. The administration of vitamin D supplements does normalize these levels, but they tend to fall again when treatment is discontinued. The objectives of this study were, first, to assess whether the administration of 20,000 IU of cholecalciferol monthly and 60,000 IU quarterly over a year provide similar satisfactory results, and second, to explore whether the results are associated with following variables: sex, antiepileptic medication, being a wheelchair user or able to walk, and being a resident or day care user. The study population was composed of 204 individuals of both sexes cared for in four centres of the same institution. There were no differences between the levels reached with monthly and quarterly administration. The overall results show that, at the end of the test period, total 25(OH)vitamin D levels were <30 nmol/L in 3.5% of participants, 30 to < 50 nmol/L in 34%, 50 to <75 nmol/L in 41% and 75 nmol/L in 21.5%. There were significant differences between centres. We did not observe any harmful adverse effects attributable to the treatment. To conclude, we propose the continuous systematic administration of 60,000 IU of cholecalciferol every three months in this at-risk population.
INTRODUCTION
The term vitamin D refers to the precursors of a hormone (1,25-hydroxyvitamin D) . These precursors are cholecalciferol or vitamin D3 and ergocalciferol or vitamin D2. The former comes from 7-dehydrocholesterol and both the vitamin and its precursor are widely distributed in animals, including humans. A small proportion is obtained from the diet but most comes from the transformation of 7-dehydrocholesterol in the skin into vitamin D3 on exposure to ultraviolet light. On the other hand, vitamin D2 is present at low levels in nature and its importance lies in the fact that its synthetic products have been used as a source of vitamin for humans and animals.
The main classical function of vitamin D is the regulation of calcium (Ca) homeostasis; it has been demonstrated that it prevents the development of osteoporosis and related fractures that tend to occur at advanced ages. In addition, vitamin D receptors have been found in certain organs, suggesting that it has a preventive role in infectious, autoimmune and cardiovascular diseases as well as cancer [1] . The results of a systematic review carried out to study the *Address correspondence to these authors at the Ulizazpi, Villa Careaga, Calzada vieja de Ategorrieta nº95. 20013, San Sebastián, Spain; Tel: 609714302; Fax: 943287355; E-mail: pzubillaga@telefonica.net relation between the cognitive function, the dementia and the levels of vitamin D in adults suggest that the low concentrations of vitamin associate with a poorer cognitive function and a higher risk of Alzheimer disease [2] .
Both vitamins D2 and D3 undergo mitochondrial 25-hydroxylation to 25(OH) vitamin D2 or 25(OH) vitamin D3. These two forms represent the measurable pool of 25(OH) vitamin D (total 25 [OH]D), which is used as a biomarker for assessing vitamin D status.
RATIONALE FOR THE STUDY
Since 2007, the Uliazpi Foundation has monitored plasma levels of total 25(OH)D in individuals under its care. This monitoring is carried out through regular check-ups, in general once a year, which include a clinical examination and blood test. This is how we became aware that vitamin D deficiency was common in this population, more than half (52%) of the individuals monitored having total 25(OH)D levels of less than 25 nmo/L in 2007 in the Donostia Centre. Since then, those with low levels have been treated with oral supplements of cholecalciferol. These supplements have been prescribed on a case-by-case basis and discontinued if blood levels improved. With this approach, it was commonplace that the blood levels were found to have returned to below normal in subsequent yearly check-ups. This prompted us to explore alternative feasible treatment regimens in our setting that might both correct the deficiency in this vitamin and keep levels within the normal range in the long term.
Objectives

1.
To determine whether the administration of a single dose of 20,000 IU of cholecalciferol every month for one year resulted in adequate plasma levels of total 25(OH)D.
2.
To assess whether doses of 60,000 IU every three months achieved similar results to doses of 20,000 IU every month.
3.
To explore whether results were related to the following variables: sex, antiepileptic medication, being a wheelchair user or able to walk, and being a resident or day care user.
SUBJECTS AND METHODS
The study population was composed of 204 individuals of both sexes who are cared for in four centres that the Uliazpi Foundation manages in Gipuzkoa. The Ategorrieta and Donostia centres are in San Sebastián, while the Fraisoro and Zubieta centres are 20 and 24 km outside the city, respectively. San Sebastian is at a latitude of 43º North and had a total of 1954.3 hours of sunshine in 2012. The Uliazpi Foundation, run under the auspices of the Gipuzkoa Provincial Council, cares for people with intellectual disabilities requiring a high level of continuous care.
The inclusion criteria were: being aged 18 years old or above of either sex, regularly cared for as a resident or a day care user, and fed by mouth. People who had previously been given Ca, vitamin D or its derivatives or had eaten foods enriched with this vitamin in the previous two months were excluded, as were any with renal disorders, lithiasis or history of thereof, or abnormal levels of Ca and P in the routine blood tests at previous check-ups.
The study was started on 1 st December 2011 and lasted for 12 consecutive months. A total of 240 people were cared for in the centres over that period. Families/legal guardians were provided with information about the study and asked to give written informed consent.
This was an open-label, parallel-group, randomised controlled study. Randomization was carried out using a permuted block design (with a block size of 6), including all the patients from all four centres. Group allocation was concealed by one researcher (who did not have contact with the patients) assigning a code to each participant.
All participants were given the same commercially available formulation of cholecalciferol containing 20,000 IU per 10 ml, one group receiving 10 ml every month and the others 30 ml every three months. We did not consider it necessary to have a third group that received only placebo given the objectives of the study.
The results were analysed considering the levels of Ca, phosphorus (P), alkaline phosphatase (ALP) and total 25(OH)D at the end of the study. Blood samples were taken in the centres themselves during January and February 2013. The analysis of blood was performed in the Biochemistry Laboratory at Donostia University Hospital on the same day as collection of the samples. The quantification of Ca, P, and ALP was carried out using standard procedures on the Cobas 6000 platform (Roche Diagnostics). Total 25(OH) D was quantified by means of electrochemoluminiscence using the Cobas e 601 module (Roche Diagnostics). This technique identifies the D2 and D3 forms of vitamin D. It is standardized using liquid chromatography-mass spectrometry analysis and the inter-test variation coefficient (CV) is less than 8% at various different ranges of concentration.
This study complied with current Spanish legislation on clinical trials and was approved by the Ethics Committee of Donostia Hospital and the management of the Uliazpi Foundation, as well as the families and legal guardians of participants.
Statistical Methods
The variables were described using the most suitable statistic given the nature and the measurement scale: means and standard deviations for continuous variables and absolute and relative frequencies in percentages for categorical variables.
Data were compared between groups by one-way ANOVA and the relationship between continuous variables was explored using linear regression models. In addition, to assess the effect size of various factors associated with the outcomes considered, odds ratios (and 95% confidence intervals) were calculated using logistic regression models. The analysis was carried out on an intention-to-treat basis, using the STATA (version 12) statistical software.
RESULTS
A total of 12 participants were lost to follow-up: 8 died for reasons not related the trial; and in 4 the treatment was discontinued: one due to prolonged hospitalization and another due to an error on transfer from one centre to another; while in the other 2 the reason was that they received extra doses of calcitriol administered by individuals not connected with the study.
All participants had moderate-to-severe intellectual disabilities, more than half at the severe end of the spectrum. In Table 1 we summarise their characteristics related to age, sex, usage of the centre (residents vs. day care users), ability to walk (those able to walk even if with difficulty vs. those who were wheelchair users all day) and whether they were on antiepileptic medication.
At the end of the study, the total 25(OH)D levels were <30 nmol/L in 7 patients (3.5%), 30 to <50 nmol/L in 69 (34%), 50 to <75 nmol/L in 84 (41%) and 75 nmol/L in 44 (21.5%). In the first of these groups, 6 were women, 6 were residents, and all but one was able to walk, no significant differences being found in their characteristics compared to the other groups.
On the other hand, the analysis of variance taking values of total 25(OH)D (Table 2) as the dependant variable indicated that there were statistically significant differences between the centres (p<0.05), the levels being lower in the Donostia than in the Fraisoro and Zubieta centres, and patients in Ategorrieta centre having lower levels than those in Zubieta. Categorising the values of total 25(OH)D using a cut-off of 50 nmol/L, the multiple logistic regression analysis of the data showed that there were statistically significant differences between the Ategorrieta and Donostia centres, compared to the Fraisoro and Zubieta centres (p=0.001). The same pattern was observed setting the cut-off at 75 nmol/L (p=0.006).
Based on multiple logistic regression analysis and using the risk for the Donostia centre as the reference, the odds ratio for the Zubieta Centre was found to be 0.23, that is, those from this centre had an almost 80% lower risk of having levels below 50 nmol/L than other participants. We did not find any differences between sexes (p=0.26), between residents and day care users (p=0.853), between those taking and not taking antiepileptic medication (p=0.799), or between those taking the vitamin D supplement monthly and quarterly (p=0.515). On the other hand, the wheelchair users had lower levels than those who were able to walk, although the difference was not significant (p=0.06). Simple regression analysis showed that the levels of vitamin D became significantly lower with higher PTH levels (p=0.005), but were not related to levels of Ca (p=0.940), P (p=0.607) or ALP (p=0.204).
We did not find any significant differences as a function of the other variables considered, though with respect to walking, we note that more of the wheelchair users than of those able to walk had levels under 50 nmol/L (51.3 vs. 34.7%; p= 0.06).
DISCUSSION
Vitamin D supplementation, that is, the intake of vitamin D additional to that acquired from diet and produced by exposure to sunlight, is based on the assumption that there may be cases in which vitamin D levels are insufficient not only in the presence of ill health but also under what could be considered "normal" circumstances. Hence, so-called "at risk groups" have been identified. Recent studies have included, among others, people who live in institutions, with mobility problems and/or on antiepileptic medication [3] . Most people cared for by the Uliazpi Foundation are residents, many of them with severe mobility problems, and 44% receive antiepileptic medication; and, hence, they represent an at risk group.
The absence of rickets or osteomalacia no longer being considered sufficient to assess the adequacy of vitamin D intake, currently all the guidelines are based on biochemical criteria, in particular, measurements of the forms of calcidiol. The levels in the assumed healthy population range from 25 to 100 nmol/L [4] . There is no consensus, however, except in very general terms, on what levels are adequate. Levels set on the basis of what is necessary to reduce the absorption of Ca in the intestine is estimated to be as little as 10 nmol /L [5] . Alternatively, when the goal is reducing the risk of fractures, levels of over 75 nmol/L have been indicated [6] . To sum up, opinion is divided between those who recommend levels of 50-nmol/L and those who recommend levels of 75-125 nmol/L. A recent publication from a group of experts on the subject indicates that levels under 50 nmol/L are clearly pathological. Applying this threshold to the Spanish population, they reach to the striking conclusion that 30% of young people and 87% of institutionalized elderly people have vitamin D insufficiency [7] . At the opposite extreme, it has been estimated that levels above around 1000-1250 nmol/L may cause adverse effects [8] , although some authors recommend not exceeding 125 nmol/L given that some studies have reported the intake of large doses having been followed by an increase in the rate of fractures [9] . The laboratory of our referral hospital considers levels of under 30 nmol/L to be deficient, 30-75 nmol/L to be insufficient and above 75 nmol/L to be normal.
The preparation, doses and regimen of administration used vary greatly. The generally accepted In the placebo group: 25,5 (12) nmol/L/ml
In the daily intake group: 69,9 (17, 8) 
To assess whether a single dose of cholecalciferol reduced PTH concentration 138 healthy adults of both sexes living in the community; aged: 63-76 years
Single dose of 100,000 IU compared to placebo After 5 weeks, the levels of PTH were lower in the placebo group (p<0.0001), and the levels of 25(OH)D were 60% higher in the treated group (14.1 ng/ml [6.2] ) than in the placebo group (13.4 ng/ml [5.6]) (p<0.001).
KilpinenLoisa, P. In both cases there were significant differences from baseline (p<0.001). Levels were significantly higher in the group taking the regular oral dose than those given a single intramuscular dose (p<0.001. Mean(SD)) -82 (21) nmol/L in those with daily dose (p.o.) ( In the vitamin D group, the levels reached 120 nmol/L, were 90 nmol/L at 3 months and still higher than those in the placebo group at 12 months.
Values are expressed means with SD and 95% CI (in parentheses). RR: relative risk.
recommendations are to give cholecalciferol by mouth, on a daily basis, at a dose between 700 and 1000 IU [10, 11] . A range of other dosages, tested in the search for regimens that would be more convenient and improve treatment adherence, are summarised in Table 3 [12] [13] [14] [15] [16] [17] [18] [19] 9] .
Around 88% of individuals cared in our centres are on some type of medication, several drugs at the same time in most cases, and these are administered by staff providing direct healthcare. In general, we limit drugs taken to those that are strictly necessary and as far as possible avoid the use liquid formulations to be administered on a daily basis. For this reason, we assessed the effect of administering a formulation containing 20,000 IU of calciferol per 10 ml of solution, the only one of its type available in Spain, monthly or (three times the volume) quarterly.
The results observed represent a clear improvement, although it is not possible to quantify this given the lack of standardisation of the measurement of levels in years before the study. Whether the results should be judged as good or not depends on the criteria selected. If we consider that blood levels under 60 nmol/L may not reduce the risk of falls [20] or that of fractures [21] , 60% of our patients would not have benefited. On the other hand, if we consider that levels above 50 nmol/L are adequate [22] , 61.5% of patients met this criterion. Another factor to take into account is that the data related to fractures and falls in the general population cannot be extrapolated to this study population. In relation to this, Vanlint with a sample of 337 people with intellectual disability did not find any relationship between the levels of vitamin D and bone fractures [22] .
We have not identified any explanation for the difference found between the two centres in San Sebastián and the Fraisoro and Zubieta centres. Apart from potential differences in adherence to treatment between centres, the only factor we have data on that might have an impact is the higher percentage of wheelchair users in the first two (43 and 27%) compared to the other two (20 and 15%) centres.
The association of epilepsy with metabolism bone disorders, and specifically with vitamin D, has been known since researchers identified cases of vitamin Ddependent rickets in children with intellectual disability and epilepsy treated with various combinations of phenobarbital, phenytoin, primidone and other drugs commonly used at the time [23] . Osteomalacic disorders have also been described in adults on monotherapy with phenytoin and valproic acid [24] and some studies with carbamazepine have shown a decrease in vitamin D levels in patients unable to walk, though not in those able to walk [25] , Further, it is still not known whether new antiepileptic drugs (gabapentin, lamotrigine and levetiracetam) have a similar effect [26] . In our series, we did not find any differences between those who received antiepileptic medication and those who did not considering all the antiepileptic drugs currently used. Interestingly, however, if we considered only those that can be classified as proven "sequestrants" (carbamazepine, phenobarbital, phenytoin, primidone and valproic acid), the mean level (SD) was significantly higher in those not on any of these drugs (62,6 nmol/L (9.45)) than in those taking them alone or in combination with other drugs (53,6 nmol/L (7.58)) (p=0.03).
We did not detect any differences between the two administration regimens, monthly or quarterly, and the difference between participants able to walk and wheelchair users was as would be expected, that is, higher in the former than the latter.
No adverse effects reported with either of the regimens. Given this, we propose that the routine practice should be to administer 60,000 IU of cholecalciferol every three months, and continue yearly testing, making adjustments as necessary on a caseby-case basis. In this way, we hope to minimize the cases of deficiency and improve on the current rate of users with levels above 50 nmol/L. We believe that it is a reasonable and safe regimen to advocate, at least until there are more data, in particular, from further studies specific to the population we care for and with longer follow-up periods.
CONCLUSIONS
The administration of 60,000 IU of cholecalciferol orally every three months for a year decreased the percentage of individuals with deficient levels of vitamin D to 3.5%, and increased that with levels greater than or equal to 50 nmol/L to 62.5% with no reports of adverse effects or known risks. We believe that this is a reasonable policy to propose to the families and legal guardians of the individuals under our care and that by adopting this approach we will meet objectives that, though they could seem rather unambitious, we consider adequate; it should be borne in mind that levels observed in this population are considered a biochemical indicator of a risk but have not, as far as we are aware, been directly associated with any health problems. Ongoing annual health check-ups will indicate whether this policy should be altered.
